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SAKKARA 



UJ 

j jl jiJI jLkjIj £j^<. mil J^». J-C. a I «j 1 1 Sacl mn ^ iJ'i's II IjA (j-o iixuLuSlI 4_»LiJI jl Jji Jj^LjJI ) 

x aj a II ij 4^jl Mill J-C. &.AC.I in" (^jJ-llj ,4_ui jj-Jt 

jl ^a nU II j-i^ a'lll <Ua»fria > .Nl U 1 1 "K . J J_c. J-ojlII J'li. ja SLxaJl (^J-o a UjJI 4-ijlj a"i ml I I La J-C J l^tlil T 

^LljJ uu£\ oljLg_a 4xajja Cj^K uA.\ ^J^h. oljL$_a 4 i aJJ J-C jLalc^Li dLljj iJjj j ml 1 l^g 4_3lI1L ^jj-all a LauJI l^_ujjLaj 
jjifljj 'jlj" Hj 4xujaLiilj i JjJjiJI ^J_>J (jpjl-*-^!! |* ^"'llj Jo-mill fl UtjJIn (_jjl.UI a UuJI , nil "'I a I uj|j ijjlau llj 
3 »'»Ujll oljL^^lj aLk-ouSlI (jAi n i_jAjjJljJI J|4iLua^!L ia.K-^1 jlj-ua| j 4jc.jjisjJ.lj <( jjji5!l tljl 
a (j ^ " l< II » in* II jj i ^j"*^ *"■ (STS)^a!la I Ij I '^jlj'^'Hj a bull t^U » U oil ojua ^ Lai oi a i i°" T 

3 '-^-jlj ''<"H ^IjJ^I a, I LaJ —I JLi^. JLsLfiJI (j^-l^aJI i-8 j^cilll uj'UsJI <LujLo-a Jx. jj£ Jill J|4iLi^Li - J a 1 1 j-alaJJ 

.LgliLalc- q'\ j 1 3" '"Ij i j cj! i i^LijJI ^l ^ " 3 nl ^ A -A ^1 ^."1 4_uu2 £ 

.4^.LlLI iililJI J jljil ~l iaJLml (j-uiaJ iLaUu iiLflli ujiLkJI J-l j jj 0 
i j Sta Hj Jjj^a LfljJ I jc JjlaJIjj i4 i a U II v^ljLgJJ ^ ■ a jjj i a" II JjMjJa ^ ■ ajjj 4ij_»JJ v^LaxuLujI Jj£ il ^"<-Nll "\ 
nill J^o Cta-iJI ujaJLuIj iaLaJI [jjLjIIij ~ . />.! j 1 1 jljj| J[ 4ji a,l n'lfe^li Ij^J .Sl'll - .l«"ll ^ jljLLi'illij 

CjI I i^LljJI SjLo j_l-cu ^^ill 4_l_ujLtu*i!l fljjj ^jljja ^ 

L^J a il^'i" UU-^ I ^ '"JJ \j L^_flljibl ^jiA ip 4-a^lfl-a L^j-a J^-l 4_lajljrLaij 4-Lal^"! n CjI^^-ij j| ujLj^JI a * ■""* * 
■ 'HUH I ^ i j w ' fld^JI ^-L^^i (J^JJ^ tj[ 4^a niO aj f4j^jja 4_ajjJl1I 4_i_LIL L^_i SjjI^aJI CiLa Ua-taXlj 

SjU.1 ^J C ■JJJ (j^j-^l iSj)~* a I 4jjjjLuj"i!l SjisJLi Sj^.j (j^JJ" 1 (j^ ij^j* 1 '^fiJ <p U" »-^j- tu ijl^j^ 

LJI 

j iAiaJ.1 £-a J^iKTij i^jLjlIJI J-ajJI Jx. J^jJj »(]'■■■ iiJjiJI ^j_^iJI ^^i-ljjj LjSLlalJ * ° D a 1 1 oljifl-ll 
C*au L^jbLc CjLujJj ^-a t4x^ajj ^ flj CjLi <p_tu-a Lg-x^AJ J o i7i*i £ i4_L^_tua 4j <j i7i a 4_llLal (j^ijJ (3 aiJ^ I a*\ ^ 
I (j mljj (jpJI ^IjLg-l-ij a_liiLflJ.I J ijLjjj 4c. j Ti n JjLuj-a J n i""l j ,^)-ljLaj jjjj (JJJjJ ^flVl l J iJ^J (jl JjL^. ^1 ^jlt 

,4ja_tLL-a ^ n ^ 4r^Ti ".Ifln laj Luiul J a uu ^a (jojjjJI (3 i ijl laJI 

,",1 a i *l^"j JjLu^a ^L^ f7"i 4aLc (jjjLaj^a Si^aJLi SjjI^aJI oLajJjLlJ[a a_uiLcLLI Jjl ij * Sj^all ^^klaj Sjj^a ^ 

.Sji^aJI aiii (j i_JUaJI I (] "'j I ^jill oljl^llj a -ivl at I Jx. 4<-j" a 
.Sj^_aJI 6JiS> (j i .HUH I ^ ...Ij i ^jJI CjIjL^IIij a '^.1 a 1 1 Jx. J a" iTjj 4-aLt -.Ijl ."-^1 ■ . II ^ j"'. . 'A' 

♦S>.j>JI b^aij tbj^j'y jj*. 4J Ll JajJI lift j Uajj jS Ojxi Ol 



l djSjS-JI aJUI :Jgill jujiJI 

U JI^IjI^oI :«Jiil±ll jujaJI 

N£ ajj^aJI JljdJIjii^jjJI JljjJI :<oJLiJI jujiJI 

^ iuUiJi ^^ji obb^j JfuljJI i^u;aJI 

V"\ OljjULaJlj Cj^jUaJI : JlKllilJI j^ijaJI 

£V diigJI jnSIn 

io dale jjjLaj 

£V uuiSI^' jLii^l 

0« ^.nOi ^^uiSil :Jgill i^ijaJI 

OA axlu^i ijui :uuLlJI jujiJI 
IT i flj^aSj Ij Jj\ cfl « ruJliJI jujaJI 

da^gJI jnSIn 

AS dale OjjLij 

AT mnSI^ jLloI 
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jbl^JJI :dlJli)l 0U.9JI 



A"V ^ :JgSll jiij^JI 

*\ V Li^ aJUI 4JL4J jl^jl :uuLlJI jujnJI 

*\*\ i)Lgj iUI jlc iJijJi iiL^j :<jJIjlII jujaJI 

N ♦ 0 diigJI jiSIn 

N ♦I dale jjjLoj 

^ ♦ V mn£l jj jLiinl 

N N ♦ oasJI (aotli) j^jLs :Jgill jujaJI 

\V* jiUiJI (ojtli) j^jli :«jullll jupJI 

N TV oaagJI jiSIn 

N TV cuil£ jjjlnj 

SV\ uin£l jLiinl 

NVV iuib: CiljLLil 



Real Functions 




"a- 1 - 



> | 



a-" 



.1^ ^j^Ij JjliJl JUuJIj tj^jijiJl _ ; JciJl oli JljjJl JUoo jjj>cj 0 

.U-^«j (J^j Jlj -Olj <L>-jjJI JljjJl yCj ^ 

^23Uj - JljjJl Ju\y>) ^yLJUJl ^jJcuJl oli JljjJl ^1 jb\ ^ 

• (Jl jjJ! OjJ - Jl jjJI 

.JjJ^Jl ol JljjJl tJyCj 0 
ill.01 - ^LlJl *Jb - V«^jJl iJljJl) JljjJl oLjjxJ^ *— ji 

.aUI JljjJl Js. t + t (t + 




Transformation 




Odd function 


4ji jS rtJb 3 


Function 




Domain 




Constant function 


ottiJb p 


Increasing function 




Co- Domain 




Cubic function 


iJb 7 


Modulus function 


^Li* 4j*b 


Monotony of a function 




polynomial function 




Even function 


<i-^j j iJb 






Rational function 




Decreasing function 


4^,231^ SJb 






Range 




Quadratic function 


ilb 



.ijj^^l JljjJIj 4_L3-j3JI JljjJl :dJHJI ^^liII 



^jjlUI ^LaII ■ - ^jSII p "'oil - iaUJI q1j,aLjJI ^.LjS 



j^H' ,_jjjJI JJLLil jJLlj t c/ijLs_oJI ,. mjlg II J^aJI Jj-O^l Lo£ 4_ulUI 4_=>-jjJI Cj^jL*-* < Cj Lui^-oJ \j CjLs_i^qU Jjl^ 

\A1*\) 0 ,, <Uk ^Uftlj (NAV1 - \AYY) J^Li (\AVY - \A\ \) ^JU ^ujlltl ^UWi >JI ^ULJI ^Uk j^t ^ oL^L^I 



OJ^jU ^ '** " 




JI9JJI ^Iji 



r 



ii^g) JI 9 J 



J 1 ' iljj 





id JI9J 







JjLaUl 



( 

Ilia 



■oLaUl dJIj 



3 ■■o<" 



— I 







ajijji 





SLljjJ 



JM 1 



— ^ 



ill djjjj 



ill 



ipjgill oaagJI 




j^XPj^j>va j-J iii^Xp IgjU C^slpj caJIjJI SjbLJl ^IjP^Jl Ji 

( c^ti^ci) j^j^P^ J^s-U aJIjJJ jjj 

(^)i Ji«jj aMjJI ,jp (j-")' 5 _}*^ ^■^■^j <_^i Cr* ' 

alia 

0^>- 4)li JioJ jjl^vjl ^fl^L.M Jala>«J( 

j^loJl APjA^va U ({1 < A 1 V 1 T ( 0} = 

.a3\j0\ ^Juj t_s^us (Ad) 







.aMjJIBapIS < 



aJlnJI Q£ jnnVll 



— ~ — H 



3 tmlmSII ."■!-> Il^.^n I 



Function 
domain 
co- domain 
range 

arrow diagram 
Cartesian diagram 



*Jb < 
JU < 



U-iJI < 



o 



JU«JI 



(_5jjLUI ^jjlill i a. ^11 - ^S$\ p mall - iaL»JI ol t iAL jJI <_>tj£ 



~2u2j2aJ\ ill all 

















— 














— (V 
— ^ 














—4- 














— y- 




























•« — 

i 






1 


* 




— » 



jlu ^a.,,,,." iJj^Jl ^jj^l ^j*j>va jls -s/ 5 * -o* :i oils' \h\ jLi - ^ 

i(\ cX) c(A cV) c(T ^)} Vj^ 1 ^ JJ^ 1 ^J^ 1 j J^ 1 y» ^IjJl 

.JjUUI jSCiJl US' ^jISojJI ^ ji^JI VJuJ {(l «l) 
dUi,jp j^>uj aJIjJJ ^ ^aiaM \)j¥> j^aiJ^ jls aMjJI jlJ jU»Hj (j-s jo ISLaJIjJI SjLpIS - Y 

.2i\iS - y ^X = J aAS%^\ \ 
j*j£LcM Via* tX^-j 4^*3 la _^U) ^jm jsjcuM 4*JUL>- <uj JS' jV 

j^iCuJJ 6JwO-j <WJ ^ __p4 4»«^3 s-liaP^ lj5>J6j V = jlj Y = ^ laJuf- ! "iAiUi 

4)b O-J 1 + r j-r = "ja 4J&UI © 
i+ = jls Y = j-. [aXs- '. *$L*£ 

.43b j jSo 45^U]( jU 4i^U]i Ji^j ^1 JajjJl j^o Jaiis Sjls-Ij 

Jlio r^v) 

dJIj JIoj ^1 ol^LxJI jjj^j 

^ oils' bl U :^ 4JV\ JlSCiVl j^ JSo JT ^ © 

















— V- 










<— 






1 1 


1 










\ 




r 





































/_ 





















1 
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r 
















> 











— ¥• 












— V- 






















— ► 


J 








" i 
















1 













—f 



















— r 


■ 






















_ j 
\- 

















































— v- 








■4 — 












Y 




- J 

\ 









(r) jsLi 



. i)b JS*j ( ^ ) JiLi 
JLw Of) JSLi 

. 4la2j j^s ^SS'l ^ ^^o^uJl ^Ufl) y—ij Jai- Jo- 4jS? <£5b Ji«_> V ( £ ) J£>£ 

.U {(0 £ r) 4(\ c r-) t (i c r) c (r ^r)} ij^Ji ^1 jjVl apj^^o © 

JLjLo r^v) 
bj-t*. <tflJLfl Jbt* £ju*j 



J" 



r + 



^v^+V^W, 3 CD 



to 



. 2, dAJ jJ cAJliJl i>-jjJl ijJoJl S jjS' 43b 2 aJIjJI ! 

+ + J = .{r^r-}- ^ = a3IjJI JU^ jUdib^j r± = Lr < jjSos •=^-Vr 

iiOljJl * 

.£ ^ aJIjJI JUv« jls cdJO jJ *Uul) 4JLJL>- jWsl 
:aJ^I JlpI jiiJU ASjjuJl 4JLJL>Jl JljjJl \£ JUv« (?) 



• / J ^3.1 + J <J 

•2. ^WvO 

= ^ ,J ^ ur*— 3 ^ 

l^UvOJ i> 43ljJl> JjJvs- 



Function defined by more than one rule 3_Lclja ^ j^Sb 2L3jjmJI ililjjl 

.UlJwj45UI JUvo^JI^^^Ij^IjJJ^UI JSCiJI^I | =( ( _ r -)iojl5'lS^ (a) 



o 



> 






















































































r 


i 











Ji*Jl JUI JiLiJl J 

if] = iJljJl JU« 
[ Ju>-] = SJljj| ^JU 

























— V 


















— o- 




































— r 

— T- 


















— ^ 
































•« — 

T 






> 




t 






— »■ 



o = (r-)-r = (r-) 3 
r= (r) 3 

o= (o)a 
[o i r-] = aJIjJI JUo 

[0 c\[= jjljjl ^Jua 

r 



.lalj^j aJIjJI JUv« ^ImiIj iaJIjJJ ^yl^l J^LiM 



0 



4. r 



(o. ...),© 



1 ^ ^ > \ 0 . . . C~5- \ 

(\....) a © (o...)aCD 
o « « « = ^ ^^jjcJL o. ♦ ♦ x y = (o. ♦ .)a 

U0..=(0...)j 

Vo ♦ • + = sJlC-1231 ^JckLJ d\) I) \ 0. • « Jilj o • • • ^S'l \ • • « • jl Ja>5\j 
^ . . . . = ^ ■jf, i y 3 jy l si\j ro.. + \ xV = (\ )j 

rro. . = (\ — )j 

(<>.... JaaUiV * 

1 ♦ * * * jjo J^li \ 0 * * * J^o J-^^ 0 * * ♦ • jl Ji>-^j 

0 . . » . = ^ jfi, i y 3 jyci\j \ +0 X-=(0 )i 

4^>- AO • • • = (0 • • • -)j 



V 



:J^~jl V£ > ^ > \ v n 

(va).© (r.)a 3 ! 

blilu ^ 

Operations on real functions :2LuLube)l JljJiJt ljUUjJI 

( r ,)o-( rC n c ) ^ (-4-)JW- -#(j-) r * ^ -£^= (j-X-4-) r 

Jjl>o { J$\ ^J&\ f-Uii-ib f i ( _s'^- 4 liJ^d B-^J-^l Jl^v« jl iajLJl Cj^I>J1 £^>- ^ 4j| Jis-*^ 

t + ^ = (o-) v >^ £< [r«r-]: v a 

Jo-jU 

J-J'O 



[r,r-] = ( v .JU-) v ^^ = (^JU^) ^ 

[r «r-] ^JU^j r + = (i+ ^r) + (\- ^r) = (^) ( r a + ^) I 

[r t r-] WW^j 0 - a- = ( i+ ^) - 0- = (a-) - ^) © 
[r <x-] l^JUcj i- ^\ •+ r jA = (i+ j-r)(\- ^-r) = (^) ( r v ) © 



(_5jjLUI ^jjlill i a. ^11 - ^yJJ^I p mall - iaLxJI ol t lAb jJI <_>tj£ 



0 • 

1 • 

V 

A • 

<\ . 




Y 

r 



Jqlll juj Jl U-jjl— qj t§aft 



\# 7 um^ 1 L^J-^ 1 \}-f.y — o- 1 Vffi 

i^ya 43b JU aJI^I ^ut^Jl olWW-kJU *u^Jt 4i!AjJl 1 



(a) 




A 



r 













• r 


V 






A • 













(^) 



(I) 











1 










































- Y 





































1 















i 


is 

r 






















































— »- 




<— 








r 


r 










1 


r 

















— t- 


k 






























— k- 


























<— 

r 


- r 










T 


-> 

J" 








-\- 
1 


r 









(a) kjO 

{(ocr)c(\ cr)c(icr)c(rct)}(y) 
{(o t r) ( (o ( .) t (o t \-) c(o t r-)}(a) 



(^) 



(1) 



(0 cV)c(Vco)c(o,r)c(rc\)} (I) 
{(r t r) c(r t r) t (r t \) t (r t .)} CsjO 



© 

{(r «^) t (r c V ) c(r J)} = v ^ c {(r ^) <(v < v ) <(£ J)} = ^ 

{r- t r- cV c\] = jl^j 2. < :3 CJlT bl © 

r - j-o = (^)i j\T \h\ 2S\ jJl Jo-jl 

u j^Sjij = ^ jiT bi © 



r - = (j-)^ t -^>< {o c £ ,r ct < \} : ^ CJIT lil ® 



A + r 



r > 



(r): 



:jl>-j! 

(0* CD 



^5 '(J)^ 4 ^*^ J j3f ^ \ AS' ^jdl ** r -&\ -J J jis Qy> ■nnniQlb JzijjJ I (a) 

:Jc>-jl 

(V) C 1 



^k2)l >_g.^'> J jk> ^ a3\ wxS' v_o5'l Ujlai >_^gj J jls spta As-L^ ^» oils' li| :ciniii q IL JzujJI ® 

iTlilxLjjLdJlj JzujJl >♦ 



(\o.)^ 



(_5jjLUI ^jjlill i a. ^11 - ^yJJ^I p mall - iaLxJI ol t lAb jJI <_>tj£ 



i^Jgill oaagJI 



■ 



^ I O 1* "l , Q Q . , 1 



<UulLul2l .'iUIU.xaII 

Montony >\ Ja\ < 

Increasing function Sj-JjIJj iib < 
Decreasing function^aii^j *ub < 
Constant function ioU *ub < 



^L*_Lp ^LojU- ill < 




Monotony of the functions i Jlj Jill ^Ijlal s Vjl 



UUtLOJ 



IP 







J 






















































1 — » 















JUL 

]^» t J[ S^XaM ^ oil 





i 














































1 — > 


f- — 











:UjJJ,3 aJIjJl) JUL 







1 


















































— » 




11 











:^li4}UD JUL 



\ 




J 

— t- 


















— £. 










— » 


«■ 






— 


















































*1 


- \ 












t c 


— ► 



Jllo 0 

.JoUUl^Ul 
]. 4 oo-[ S^j)l ^ ^aslu aMjJI ^ 



.41)15 1^3 j jS>J ( J$\ Cj\ jXaJlj c4^asUj 1^3 

Jllo & 









1 










<— - 




- \ 


- J 






1 














































































1 























> 














{ 






— *- 













< — 






















- r 






- j 
— x — 






■ 




— > 










— i 




















1 



















i 

— *- 


la" 














— U 










■*— 








) — 






— ► 


X 






_ j 








a" 








-t— 
















1 











{V} U ]V- cQo-[ = ^Jujl ]< ] oo c . [5^a)\ ^ jcjU' t ] • i<x>-[ S^IflJl AjJoIJj a3\-0\ ( ^ ) J£Ji 

]r- d-[ 5^1 ^ ajJoIjj aJIjJI (Y) 

] • t<»-[ S>Ia)\ ^aSUj aMjJI (V) 
] • «.oo-[ = ^JuJl j ] oo <• [S^laJl (J AjJoI^j aMjJI 

:sAplfl3U iJoCo £_ < [o c\-] :i OjlT IS\ © 

1 1 = 



.bail ^Is^iO^ol *5 caJIjJI ^Jwo ^l—lj <.aMjJJ ^yLJl jSs-iM ^-jl *j 



t 



rjullll gujjJI u-ijl — QJ 

! cjl jjJl ^i^J J>U\ ~*J\ Ji«J 2uf}\ JlSC&Vl 0 









— £- 
































— r- 
















— v- 
























*■ 


■* — 

r 


- i 


- \ 


C\= 






Y 










T- 
































-4- 
















1 



















i 

i 


i 
































































—Y- 












""I 


- r 


- r 


- \ 




J 




V 




> 



(Y)J£Ji 











J" 












« — 

8 


- T 


- T 


- \ 


-X- 






r 


s 


— * 










-X- 








































-t- 













































/ 












— t 
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— r 
















— ft 
















— v- 










■4 — 

T 


- ^ 


- \ 










— * 
























£ 


> — 














— t- 














i 













V < J* c \ - J* 



\- j 



,J»© 



2. < [i ,r-] :a aJIjJI cJlT 1S1 © 



.aMjJI sJl» ^i^l ^ ^51 j^j caJIjJJ cs iLJ\ JSCiJl 



ipjgill oaagJI 




.J^Vl diaflj J j>- Jj'laJl dU.iS' C^jiJ claLj liyssj 









r 


1 










-\ 




















— \- 


























-<— 

r 














— * 








yN 
















1 

















i 














— f- 






<^> 










— V- 
^\ 


























■« — < 

Y 












— »■ 






— Y— 
















1 


( 











Ojy^S ^yfc 43^A«3l ^y^LaJ jSCiJl ^jlf- j)l (j^- <■ j") dlaiJl j jSo 

:(Y)J5^ 

Sjj^s ^ aMjJI ,^>vuJ jSCiM ^jLp 4jis1 j51 (j^ < -) ^iaiJl j jSo* 









r 


















— f- 


















— 










) — 




















r 
















— > 























































iJLa 1 4i^A*D ^jiLJl JSCiJl ^'jJ 



.io jiSI J! jjJl < 



Symmetry JJLi < 

Even function *-?rjj ^ J ^ 

Ode/ function y ilb < 



3 n i^L.in II .IilgJ^JI 



U-iJI < 



(_5jjLUI ^jjlill 1 a. ^11 - ^yJJ^I p mall - iaL»JI ol t iAL jJI ^jIjS 



T 



2Ljj jj>3\ JljJLflj SLc^-jJJt JljdJt 



JaJ j! Js^ Q 




— * 









— u 










































X 






_ j 

— V— 








— *- 








-Y-* 
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1 


' 















— y< 


1 






>- 








— V- 


1 
























-* — 

X 






_ 3 
— V— 








— *■ 


















<- 








1 









U) 



(^) 
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:lhiJI i n.inSI 0 

4JLJL>Jl f £^>J jUjjlo jli^a)! d^~P^V=T^V 

\hlm © 

:( j-ip oLLajJl «•! aWI ^a^^I 

ZYI^Xl© -(N,VN)Vo I 

jlSjDjlVo jjs^jjuijl ajIjo ^^IjSJl i^p jl5^ 1SU ciwJljS?! ^jjJ^ Ijo :djl^iiJlj JojjJI 



= ^ aS!AjJU £ W*^"^ \f \ £ jlaS J jig ^-A^aj jlS^ ISLpq^lb -bujJI 





Jjjcaj iLilSCjl SiUjJli 4M.OI £-j*£>jaJ «L>L>J( jjtljlajl j^i ^iS' JaJ^J 



Exponential function 



2Lu«Vt 2U( Jilt 



9 



'<L T J\ 4)b £ 9^ c-v>- ^(V-) = aJIjJI Ji«J^ liU ^5_? :(jiQ(iiii jnn'i" 
Graphical representation of the exponential function 5Lu«Vl SJlJil ^LuH (J^UUl 

Jlio ^ 

Ij JSCi ^ ^-ji [V cV-] 9 J- ^JL> AiUi-^U (V) 
"(7) = (a-) J « ^ = ( 
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J* 



k^ s j\ aJIjJJ j^l (jSCaJ ^-pl j-« 

0>l>-)jV^U-ylpi^ila. "*(y) = ( u -)j J 3M 
(_ji3^a Sjj^s = aJIjJI y 



^ I O l* "l , H Q 1 , 1 



.l!;Lj i~-Sl! Jl jjJI J_tc < 



3 ■■■•l..iVI "iKIU./^nl 



exponential function .i~Ji!b< 



exponential growth 



1 



exponential decay ■ L ^\ J Jl 4 



i_<JLp 4_l> ill < 




t =( tr -)i Sj-Vi iJijJi 
*lji yiju \ < l *ju j 

JaJ (growth function) 



OA 



r 



rl 



Jlto 

= (v-^); ^ = (r),CC 

lM<0 
^ = r r = (r) a I 



r x <\ = rx r = r = (x+ 



\ =^r = Lr " Lr r = Lr >x Lr r = ( a .-) i x( a .) 3 © 



Exponential growth (^"Vl ^>JI =V^I 

<u5^« 4j jl^, sJoli ^Wn" ^1 ±! jlJl ^ f JUl ^ ^« ^Wl ^ ^j-*^ 3Jola)l J^iai' 

4jLLJ1 AS^aM ^\zzJ^ dUi>ua jiSU 



or 



jiio ^ 

Jjo ^i*Jl aUj=- Jo-jl cXA lasjji «LS^> ^ij^ Ja»j ^1 jlJl Jo-I ^9 <U> o • • • Jj>-j (t) 

oVUJl y JST *\y>\ S^it jj^ 



0^ 



i^ui2 : ^juUb ) Lc>uij L ^Vi :oiiliJI 0U9II 



\ .v\i,nr = N "( -,-a + \ ) 0... =^ 



J^o aJuj>- -^>-jt <-'/-° l^jJv3 *u5^« ^JJ^ 1 *^J^ (_s^*j' (_f^^ ^ (_5* ^ * * * J^J fcJJ^ ^) 

:aJ^1 Cj^UJI j>3 J> (J ol A jjj^ 



exponential decay 



jilo ^ 

. <U*u (j Jjo ^jswjl ^-j- 25 iw^aiJl ^l^jl J-*-*-* <^*l A^i iw-jS'l I 



• 1 = 



J 



\Ao. 



°(.,.^^ ) \Ao. = (0)3 

(A = O j^2j jjcJIj ) ol A jjj- 4 (5) 
^TaV- ~ A (- , ^ -\ ) \Ao. =(A)i/. 

AS^jJJ iLif j<flS^J i)^*^ (Jb" - *^ 

V 



r 



rl 



ouilll jujiJI U-jjL-qj tSafft 



Kffi f LJUUJI L^J-*-" us.y — o- 1 

^- r = © ^) = ( ^ *) = v) = CD 

Aka/Jl ^ Otal^aM j a>v« V = (^)i aJIjJI © 

^kaJl^obUM jj^^j 1 r=(^)i ^J\_0\ V 

= 1 jlj(rc\)4k^U Lr t = ( a -)^!jJi^o^lil * 

^ ^ISC^^U ^ (-) = (jj-) j aMaJI Sj^a = aMjJI ,^>^ © 

9 f yS \h\ jj& -1 = (^)i i aMjJI a 

9 f Uj^ SjljIjiq j jSo- ""(lr) = (^)i i aMjJI 5 

Jjjlo jl5j c4^j irnoriN r • • • ^Ip ^A^j ^ JjjJl ^ap jl^ li^ : jlSuilL JnujJ I (V) 

© 

: Jo-jl ( /tt lajAS 

.CjI jl^ V aA*j Xo lajji 4j jl^ aJj>\i (^jlajo dL> ^9 ^-j^ij^ 4^>- A - • • 4Juj>- ^>-j( 

3JLPji^>. 0 (N,.r)r- = (o)3 




Solving power equations and Their applications 





jj^xJui- ^5 1 eJj>-l j3l 4Jl>J1 ^.■■Ja.'.." C«>">»J 



.■LUJl tXH> jj* kA^- A\^V £T^^ A^Upl iJ^P Je>-jl Y 



Power equation 2Lu«Vl ^bwil 

Jlio ^gfr 

:A*3^1 O^iUJl J>- AS- y>2y=> 2. (j9 Jcs-jl (V) 

A = r+ ^r 1 

ji^5 = ^ V = V + J- .". 



v rv / 



a* 



r- = r 



o* 1 



^ I Pi "l , H Q i , 1 



.l!;Lj i~-Sl! Jl jjJI J_tc < 



power equation .k~Ji itaUj < 
Graphical solution .^LjJ^-^ 



i^L^ ill < 



if.ii..t~-.j-z ,,.,vi CtViUlt J*. 



-A. = r ^ _N r (5) ro = u ^o I 

t .}2 vt t r v = r f jls'lSI 

.^ys-jjiAp ^>Ux^ I I = f -V 

Jlio ^ 

O^taUJI jys J>- apj^j>v« £ Jcs-jl (V) 

{V-} = Jj>Jl APj*J>va .'. 

{X} = JjJl kt-JAS-^A .'. 



Jllo ^ 



rr = (^1)3 ji>o ^ j^-ji = cJS lit © 
rr = u ^r .-. rr = ( Lr -)a v 



:oiiliJI 0U9II 



Solving the power equation graphically 



Jlio (^) 
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c = (j-)^ ^t^t ^ ^ j^Ij ^ ^-jl (geogebra) Vj-iP 1 ^ j^ 1 ^ ^l-xi^lj (i) 

Jlio ^ 

oUjlSOl ola iAP i_ipUii' ^USSl ^LJij^l ^.^iaJ ^ii-xM olulSOl ds>-\ __>jISo> IcLpJJL JzujJI ( v o; 

: Jo-jl 4Jki- ^ a3 \ V • j^LaM AjIJo -Up l>!A=>Jl iAP jl^ 4 ij£A>- <J\ '^>- f»L^ajl JS' 

°(f)v= 

uWUbAPi;^ / °(r)r — = 

CD 

aJl>- "U* • • ♦ = a X x X - ♦ * * = 



Y » . . . a^~2JL» vol = / °(r) r 



V 



T 



rl 



tf ^ ljJIjLII guj-UI u-^jjl — QJ tjjjfe 

= ^ \= r -^ojiriii i 

= o-jU^v^-^rjiriii v 

= u ^r jU = yS lil © 

= w ~ rr =U r jlTlil * 

(r . 4) 4kai ^ ^-i = (^) r i v a aJIjJi = ^ aMjJI ^ lil * 

(v- < r- t v ( r) = jU i = jlf lil \ 

= o jli iAP04\+o> a ->o r . = -"r jlT lil V 

(lo c -\ c \o ( o) = v r jlj o = -> j'vS' lil * 

.^JaJl j- *^>J ^^Ip^U—JiM jJb -"s • 1 s iJ^JI i 

(w c \r c '\ c v) 

(• « t « * « r) = ^jU r A A = r ^ ) jlT lij * 

= 0 v- jut- jUU&j = (^) j t = jWljJl Lo^. © 

(r t \ c • c \-) 

_s_ = o-^ g) ^ = t +u . r i 

Vif = "-try oi = v "^xV ■* 

■f =°^(r-) 5 J_ = ^£ d 



© V = (T) 



:OViUJl APj^^a Jo-jl = (,j-)3 cJlT I SI (0) 



:CjV aUJl J* J>. 4Pj*^ Jo- jl = OilT ISI © 

■f = (\-a-)> vv = (^) a I 

:oViUJt APj^j>vo r "^V = (,j-)3 CJlT lil (V) 

Xos^a JS' ^»ls : I h S 1 1 1 (iri'i i'SI (a) 



r = 









n= ^rxv 















l*.Jo ^jL-^I iAP O C 



jVl j-« ^jLuI 1 jjj-a A*j CjUjI53| e Jj& iJ>P 1 
\ - V£ ololSOl 



qjJLjJI 0U.9JI 

If 



Logarithmic function and its graphical representation 



■ 



^ I o " "1 1 n g * 1 * 



iJ jlp _^U! o^jUi! ^jiixj < 



logarithm ^tj^ * 

inverse function i~«£p <Uta < 

domain J1j£ ^ 

common logarithm 




J* 3 

r = x 



r = r 



=t ' = ^ 

c \^>^r^a \jiJS- \<J i_> J^i>v« ( _J^ 4^*3 " Y 



Logarithmic function 2Lc*ojjLc ^iJl 2QI all 

.^^^XJIj rr = °r jli o=rr J :Jli« 

.j- j3 = aJIjJJ 9 ( 4 )4kaJl - ^ 

f ^ 

jiio ^ 

:4^j jli^Ul sjjvJl ^i^y^j !sA5' J^>- (T) 



\ = \ 



A\ 



£=A\ jJ QD 



i^^OLi^jC ) uLjji£>ii(j L> u^vt :oiiliJI oaagJI 



:<Ui J^_^ ejj^aj Uw« JS' JjP j^P 

^ = ^V© r = ^A \...= r \.© 

Common logarithm .aLIx*ll GUojjLc ^Ul 



.ij^p ^S? ib»*31 jU-jJJl iUo 1 ^ S^UJU 

jilo ^ 

= \ jJ © r = \ ♦ • • j3 © o = rr j) I 

V V 

\=>*r© \...= r \. © rr = °r I 

\ = o j]© r = \-. J 3 v ^ = ro ^) 1 

o WO 

hJH\ Sj^aJl Jjj^ l ^ . , fol t fH 

M = i(r_) - 




r = \\o j) .-. 

o 

© 



:4J^I O^iUuJl j-a J>- APj^J>va £ Jcs-jl (T) 



{o} = JjJl APj^J>V« .'. 

:3-j5M CiViUJl j-a J>- APjAJ>va £ Jcs-jl (i^ 

r = ^ ^J© t + ^ = rv j) v N = (\-^r) j! 1 

(\- Lt -) r o 



:oiiliJI 0U9II 



graphical representation of the logarithmic function 2U;jIjjLc jAJI 2*JlJdJ ^LtJl J^cUoJl 

t 

Jlio ^ 
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J-J'O 
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Jllo ^ 

aMjA) laSj Ij jl*- 4jL>CL^Jl «L> J j^Jl C-^>o llu j^is UUaj JjjJl J);^?" -Q^Lp i"ilri m hV ( 1 } 



0 ♦ ♦ ♦ ^ l*J»lp 



t 



rl 



j^o- rv = rv • x . ,\ =rv • xx\ • = (rv -)a ' 

4^ UiV,V = (^^-A---) j) \ ..+A... xX\< =(A<-<) i V 

^yfc V = XV j) Sjj^aJJ kj [ SLj\ 4*~<Sh sjj^I ©) 

r 

^\ =^r5jj^aiJ i^lOl a^jUjDI sj_^3\ © 

= \ j3 0 = .,..Nj3© 

= jU \ + ^ = S VA j) jlf 131 © = ^ jU r = i j) jl^ lil ® 

B I 4^a5Uia j3 = ( L ^)id^iAJljJl ©) j3 = aJIjJI JUv« j 

t T 

( cA) AkUU j) = (^)i *^>- ^ aMjJI (_f L:> ^ a ®) 

v 

H j5 3 r = (r v ) j) v r = (>-^) jJ ! 

x J + r jJ© Vj3© \ j5 1 

it r v 0 

— — r v 

r r ' 

X 

4jj£la 6 yJ\ i3l 4^3 -^>"J* -^ _^^Jl iAP j-i i3l J^H\ Ol jJU. iAP j i**>- (j- 1 j) N * • + 0 • * = J- 





^jilijl w. I.. J ApL*J ^jXJl CjIaXj jlpjJJl j^^>- J* 2 * 0 . ^J 1 ^ (_s^d 



Some properties of logarithms LjUajjLc ^Ul ^1 ^i* j 

1 =f j) -> 

i 

r 

yufi = \ j3 -T 

I 

0 

:^W?b>dl a Jut 2s>t^p olu^f 

t t k - 

' t = ( j<9 t "f = ^ 

t 

t t t 



w 



I c" "l , p g . , I 



logarithmic equation 



^jjliJI ^liJI i q.^II - ^^1 ^ mall - 4_ol_sJI pi uqL jJI 



vr 



(V) ^l-t^J (wxr) jJ= jIjlUI 

rt 

( \ ) V^^" \ = 

(as^jJI 4j>^ CjLjI dL^io JjU-) j& j) - ^ j) = - j) 

• * • | | J* I 

Jllo 0 

<U... * .Sjl <L^b>- ^IA^bIwI "Vj^ = J^**^*^ 

( ^ ) iw»L>- ^»! J^--I \ = 

(dL«iij 4i!A*M 45>v><£i oUj| jjU- ) • < o = ,J j3 



Jllo ^ 



r o jj = jljJUJl 

0 

( ^ w?L>- ^»Ijl>b1-.I \xv = 

r = 

j) = (^)i jUva Jjs iaiiLi ji/-»nv (t) 

t f 



t^Gii^j^u^Lc^tfijt^^n :oiiliJI 0U9II 



lT 1 



l/ 5 .J 3 j- 



a" J 3 O'i 1 

4= a- J 3 4 = P 0^ 

\ \ 

Jlio 

i\ j)xM j) Sjj^ Jx^V j-*ai>-l (?) 

v v 

\ r j) v j) v 



r j! v j) 

A = V x 1 = 

t 



Jlio ^ 



(V) f l-^s— I 0 j) +r j) = jIjl2JI 
(V) fl-^-l ( oxr ) j 3 = 
( ^ ) iw 9 ^*" f l-^—l \ = \o j3 = 

vt 



Simplifying the logaritmic experssions 2Lc*ojjLc ^tfl j_i.aUL*lt k^"-;" 

Jllo ^ 

Yr -J ' VJp ^ + ' ' ' * * ^ 'JJ-^ j*sZs-\ (J) 

(o) a^U- ^ j3 - r ( i) jj + ^j) - = jIjJUI 

(i) t (r)L^l> (t x ^T x W x T^>^ = 

7 " \$ ' ^ \$ ' $ "hj* 3 •b^-tt j*ai>-\ (y) 

Solving Logarithmic equations 2Lt*IjjLc ljV ,alx*)1 

jiio (^) 

O^iUJl Js- 4P ja^> £ ^ A^-jl (V) 



(V) plA^si-.! \ = (\ + ) j) .'. 



j) 



1 j3 r 



:oiiliJI 0U9II 

J 3 

' r 

x x xx 

: AJ^l O^iUuJl y> J>- j^fvo £ ^ J^-jl (a) 

r J = J * J v) N=0-^r)j)-(\ + a -r) J ) CD 

Solving the power equations by using Logarithms ljI*ojjLc ^Ul jMJticILub 2Lu«Vl lj ViLx*Jl 

Jllo {Jfr 

j-lP j^sjj iwJ^iS? ^jWl IjjJw *4">^ CjibUJl jT J>- 4PjAJ>va £ ^ Jcs-jl (J) 

■ls*"^' S^-UJl ^»!jl>6X~-L|j 
{r,A\} = >Jl^. J ^.-. ^an-^.-. 

0j 5r-o J J J - = r J ) + r J J J - .-. 0 j5(r-^) = r j3(\+^) .-. 

0j 3 r - rj) - = ( 0 - rj)) ^ .-. 0 jj r - rj - = 0 J ^ - rj ^ :. 

oj! r -rj5 - 
<>jJ-r jJ ^ ' " 

C^GDCDGDCnDGDCDQ s.airas^ 

{A, io} = JjJl ipj^j>va .". A,io~^ .*. 



0 



rl 



: O^iUuJl j» Js~ 4P ja^vo j-J j-iP j^ai) V A^-jl ^) 

jiio ^ 

o^- ^= °(- ,1) = ^= 43^*13 ills llj^. j^sUi- o^l J^l J^p S^Uf cJlS' lil icklioJli JzujJI © 
jp ^iiji aJ^I j\ ^Jlp liU .43^1 J*p O iiloiVl c2ft\ iA]g ^= 

A,THV\A= ''^ = o .-■ .,1j)o= 

l^LauiJ CjI jl~> £ Jjj^ A*J aJ'SM at\}S J^>-jl jJjLJl JliaJl ^jj 

tfjj fe gujoliJI gujxll U-JjLpj jjjjfe 

= Aj3 I 

\-(0 n(r) r(r) i0) 

= °jJ • V 

\-U) r, 0j j(r) Vj)(y) \0) 

= ^^5 e 

0 

n-(0 o(y) rO) 

VV ^IjjJI J^AJI - <_JQ=JI V L£ 



t^Gii^j^u^icjihjt^^n :oiiliJI 0U9II 

= r J r t j) r 



1 1 

\r(0 r(r) n(Y) iO) 



= r j3x 0 j) ® 



0 V 



>*(0 f(r) \.(Y) \0) 

= r Jxo J r j] © 

v r 0 

(r) \(y) r-0) 

(\ + ^) j3 , aJ^aj jfLL* jT Js- 0 



r v it ii 

V j) N to ^3 jr jr 



r 



r 



0 0 



jj © r= r+ ,© ^^rXrv)^ ^ 



n jl x OjJ xVjJ k.^^l J \=ij3x^s-j3xi_jj5xfjjji c*Jl (0) 



-v© \= r_Lr vx£© r = N_Lr o© v = Lr r© 



si • , VV jLJl SjJ; oils' 



aMjJ iLi* abjj 4^*31 jlSj n \ >x r jj& 4li>J ^ U^SCJI iup ^>t>- jl^ ISIxLpJJLi JnujJ I (a) 

VA 



f 1 La H 2 .5 ,5^ II 2 .". j'.ll jjiia II " ^ 



^£3 ^3 ^>v>^ iAP O 


^J>-jj ^>vl>v»^ 3AP O 










< 




^i^5 = jkys\ jJs ( ^ ? a...'a.->- J-W" W ' 


jJl^ = 


< 


I = TV jA i^^ 5 *" (^jj J 1 ^ W J 


"f± = TV+ jUJb- J 1 W ' 




< 



^jj jlT iAPOlil |f| = 



13 TfV T[V = °| ij^^i r 



2 , j ,.,< I I 



-o« 3 f «{\} -^90^ = 1 7(V = "I 1 

f l^Ui <uJ 5Jb fJ *~3 3 jU {\}- + 2,3f JSO = + i< i :3 CJlT 151 :lxJi\ 3JUI 0 

>i jj-OU'l (^SCoJi :<_ r "^l ^ 

hjG hjJi A^j JjUa^l J~<^ = - I = (j-)3 3 Aj£&*,\ jCkJ r^SlI JjLialJI A 



i^ui2 : ^juUb ) Lc>uij (> u U Vi :oiiliJI 0U9II 



LI 

^ f = JL-V\ a)1a13 iL^SCJl ^ ^ j3 = j« aMjJI jU {\} - + £9 f ^Jl^ lil 1 

t 

I 

^ = l5 jji© +2 = au\ ju,, CD 

t 

{\}- + £9Ljl$'lS!:0\^jU.ji)l j^lj^- H 

t t 

t ' t 

t t t 
j* I t t 



-j^-=>j^li! ' 

=h v 

= f jU (M «£-) 4k2JU "1 = a3\jJ\ ^ lil © 

= \... j3 © 

B I U.UP J- »^*j>J 4^aalws j ""I = ( i _ r )i d**>- 3 aMjJI ©) 

w v- = ^? ^Jii__Ji ^'vSCjoVu aMjJI ^js^u ejj^a ""v = (j-i)^ aMjJI ^>c^ (© 

= r -"V jU r = r o j'vC il C 

© 

=o* J j^r = ^ j) jis'iii © 

A V 

=o JxX J • r J ^ 

^ + ^© 
U j3 M J 

V V 

£j5 + £j5© f (vD© \v I 



0 



v v or IV 



Lt* 



i^^OLi^jGuijji£>iitj L >u^vt :oiiliJI 0U9II 



.Jc»-lj ^ j-if- £->^ ^j-*- 4 — — 4 - s -* 5 (_s^ ^-"^>J1 ^»Jl>5^I Qiy 

:4jVl Jl jjJl j^ ^ CjLj Ji* ® 

.4^0- \ • • ♦ jj& 4jiLJJ ^Ua^Jl jj«-Jl jlS' 1SU X*\ j1jJI«j L Sj^jtJl ^LJl ili^j 

l^J ^t^jj 4ju^i J^-jl I 

.j^l UjJU- 

*U ^ jl j^l lia> il-Xpl CJlT liU ^1 JjUd ills J jjJl <£^\ ^ CjUI j^l £j jjl Jv5-1 ilApl j^asl^j (v) 

.orAV^ V • • • ^s- iJ^Jl lia Jf-l^sj *j A-o£. ^jLj 

.\^V ^»lp 41*- j JJj-* Jjo jlj^sdll jjfc il.Xf-1 l^J £^5jj4ju^5 

jl ^cs-J\ lia> ilApl J^aJ jl £3j£> ^U- ^1 JAjuJI II^j jl j^>Jl lia ilApl JjWij j^I—1 li^ * 

i*J a^UJI ^lAi^l jjjo jo-jl < ,ivv = rj3 c< ,r<\ = Vj3 jlT lil ® 

^ = r_Lr (f)© v = ULr r© o = ^rGD 

v = ^0 x r ® ^a = r_ir r © v = ^" ( o ® 

^=(^),cjir iii© 



i = (^ +^)iiOiUJl J^a^j^j^jI 5) ( v + t)a = ( v )3x(|)a jlc^il ? 



AT 



.4j3 j3 



l> -jJ-> = (j-)-»© l^l- r = (^© 
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® 

© 

© 

© 
© 

© 
© 



© 



.\ = q* XS- aJIjJI j jSo jl ejjj^Jl; ^ ^ \ < q* UjvlP aMjJJ djil^j ij^-J I 

.aMjJJ Ajl^j (Jjo 1^ Ij^s \ = .up 4ijjL« aJIjJI Oils' 151^ V 

(.)> 1 



























r- 
















, Y 
















— ^ 








<— 














1— ► 




- V 


- Y 


- \ 






\ 





-J" 



:OJo-j j( AJ^l 0UI4JI J^-jl 



v- r + Lr V , 



© 



ougJI 
osiljJI 




Trigonometry 





. dluJl 1 I* ^3 (J ^-L^3 J 

.*iIuJl II* i! _^>=-« (j- - ^ 

^ (ilia ^>UlJI ~TJ ~fT^ (5J*l*) j ^Jli«I~«J 

oMUJl ^ dliJl II* 
.4p^L^i Ju-I J _jJ»j LuLJ ilIuJI jJlp lil 

. U^-j 5 j j^a^wJI <jjlj-!l ^LJj L iyf^ > ^ ii-li*Jl ^ j»Ji£ lil 

.SftWl Jl >1 dJiJl ^ JU IS) * 
.dJuta (aUjjI ^-~rj tc_-wj>J! SJlpU) j jjli 



Largest angle ' Shortest side 

The area of the triangle tiJLJl 4r^L~o 7 Longestside 

i^JjUJl ^*>lvs»] Jl 7 missing length 

The sides lenghtes of a Triangle UnKnown angle 

The opposite angle of an side aL\ju> AjjI j 7 Smallest angle 



: jl ^^Jlp IjjLs i_JUaJI jl ^ _ji»JI Sjl?-jJI cIa JjI^J ^ 

tiluJl ^L^il Jl _ji>l l_-~»h£> tllta (^1 ^ <jl L? lp ^yS^J 

.L^iLliJlLljjJI^j^ 



^!>Li>l Jl yV\ jUtj} 1_~>J| (oJLf-li) j yd j>Jl>e 

oL-LS jUsj} ^ tilt« j| k—oJl (2JlpLs) j jjli ^Ji^~o 
. (*Li y^>^ \j\y* dr^ - ^"j^^ c^JlUjI II* IjIjj 

J y\> j villa tJ.'H 1— ~>Jl (2JlpLs) j yd J^o ii*>ljJl 2"--**^ 
^ L^«Ji>c1™jj tviIl«Jl IJljJ i>-jUJl 2 jjljJl ^Jai > _ a .,<•? i 

■~^y^> oiJ^ jV 




trigonometry 
Sine rule 
Cosine rule 
acute angle 
obtuse angle 
right angle 



^. Loll I ■_■ ia. (SjT-U) jj^jli 



aU^Jl oJLpli 
oils- ^Jjlj 



CjL<iK (>o 4 5"i mi a iaK Trigonometry ^> 2 ,j .U 'Nl iiUI cjIjJUI ma I JjILoJI ^lU.^JI 
dh° Jj' b-^j-^ Jib (>> ^_i_>iJLj JjJj-aJI ( ^ VAV - \ V * V) jLjl JjIjjjJ ^^L^l pJL*-!l (jl Li^ jj-^jj 

Sj-lJ^-ll *NI lJjj^JIj < CjJ!LqJI ^Nl ^yJI j I m"l I (a,b,C, ) SjjJLuaJI 3 .J ,U "Nl i_3j^sj| a t^" ...I 

SikljJI 5 jSljJI gjld ^i.Ai "^k ^ "^jJ R,r ^ _^JI ^aAAxul <g! U£ «4>Ujj <_yJI jj""'l (A,B,C, ) 

<^l abc = 4rRs :Sa£-lUI ^yJI J^Jh Lo£ <£jlo]| U.^ * , a,^'. Jj^J S i_s ^sJI ...Ij .M". 

4j^jLkJI_j 4_LiljJI S^jljJI (_^jliS ^ 8 j^^^ia Li jj iAi a £ (_£_jl_u±j 4j^IjJI oJiLaJI ^Lu^\ Jl^jial JjuaLa. 



1^. A I 3 



5 s tS i> 

5 5 5 



















3 ul ■ 




."ill O (Jl 





iiiliaJI ^ jolc I jl 

cuMUi dxX^i J'^bi 



ol->- J9J2 jb-il 




djgljJI i^jjUiig (jjL&Ua 

I 1^ i ei rtj Q . n I I 







£ 











J9J2 abul 








^Jq -v Q^l ■ >•*» 











iM'ioll ^ |d£ I j' 

J9J29 iji'i 'qIj LujLaJ 



The Sine rule 



uuljJI oaa.gJI 



oUkia J^IjcG jVlj cAj jljjl ^SlaM cJcuJl J*- A^L^ C^aLu jl J}*-*" 

.oliiiJl ejus Uljj oL-Lsj ^y^s\ Jl jlsl iUo^^ijT JucsJ ljlj_pl a<JjIS 

(jl C . .Wc-I IS|j <bljj ^k*s\ Aj^Aj t j^aliP AX** j* j cJcU JS' jl ^Juu 

.cJiuJl Jj>- lu5*Lol Aj\ : J jiij jjAlPj c^laJl k_^>-j ^*i)l J \ o (j '■ > ' j^ <w~l>JI 

,oLa~ j%j 



7he S/'ne rule 



(^UJ! aJ (: ^ s ^ oL^I) 

.olilcuJl j^> £l jjl aj^Aj aJ^I JlSCiSh Jiaj 



SIS 



Aj jl__pl ^jjjj^a 



aj jlj)l iU- 





\) II 






1 / " \ \ 




/ ^ V - ■ 
/ s \ ' 






; / K\J 

'/ s \ / 



U-"\A.) = (t\)0 



f ^ aj ^ai«_>- f oiLJl d~>- (Y) JSLiJ! ^ 
[fU = (t- 0 \A.)U:Jfl>.V] jU = (j-°U-)U= |U 

■ tu.-. 7 ' 



/I 



\3* 



= <_j l^- jl ^liil^l jSCaJ ^jJUIjj 



f aj j!j)I ^>^-=r I iJcuJl ^^r"" "-^ a><^s ^j^j'I Jj^>- ■ j^l j 
^jjlUI ^lill i LxoJI - ^Si\ p mall - <LaL»JI ol ii-^L jJI <_>tj£ 



Jkz3 ca^aj J^i»j tiulfl 

L^Ap JsLm J^j 



S/ne ru/e (^j>Jl 3J^U 

acute angle hj\ j 

obtuse angle a>- Jt£j> 

right angle <uSU hj\ j 




jiio (^) 




J-JI -1 

(°ri + °Vo)- \A - =(^j + !)-°\A - = _s-.\ 

°v\ = 



0,^ ~ ■ «- = /ij 

' Vo U- 

tji JH JjUuji ^uji ^\\,rr=l^c°vi / \v = ( v \)^ 

( v + f)-°\A. = ^ V 

°oitr = ( 0 v\ / \v + 0 i^\\)-°\A.= 



\\ ,rr 



— o_ , <. 



ot rr u 



zvm gu> iiiailjll naagJI 
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Solving the triangle using the sine rule Mr^' j»t JiielLub uxliUJl Jj* 

4 

JiJjJL>4^Jl j^aloJl j^s j^aLp 4j^\j 41a ^If- ISI^ 4*j 4]^£>voJl j^sLjJI oLuUj ^Ujl cJkloJl JjQ 3^yfliL&Ji 
.^><2 J ^alsj JjH) jlj L-Uj ^lf- ISl^ cOiioJl J^>o <w^>Jl j ^>\s U3 ^wij <^ljj o^\j 

i^lsM ^Xj f J jiaJlj s~ jlJ jljJl 4J ^ip IS^_>- u f oiLjl Jj>J 4jl Jis-^ 

1j 1 
"* ul> f U- • "" \ 

. aUuV = — !_ :< W ^>J| j ajls i»Je>CLJ -V 

• - ^~ U- f U • " • „\ 

J duo 

_*a=1 c°ia = c°n = (f\)o 4J ^JJI^ v f cJdJi © 

°^ = ( 0 iA + °n)- 0 \A. = (^\)^ 





,\r,oro ~ 



_>.l>. |l>. 

'nl>xA / 



r' 
"nU 




Geometrical applications ^LuuJlIa GLLcdaj 

Jllo ^ 

[°lo + °V]-°NA.=(^X)^ 

0 0 o 

Vo= \.o- \A- = 

No -L, 1 < , 




'toU-xSo „ 



r 



O 



Hr. H r. 

nVo = — z — = ^x — 



TV 



TV 



x So 



N = °ioUi 



to u. 
= Vv\o .-. 



r 



^ , rV o n . 
v r 



rV = "v us 



r 



TV 

rV = i^.". ^r = (rV)o.\ 

Jllo ^) 



o 




NAV 



(jjui ^jLju^ v f ciiji jV (r>-\)\j = (u\)o) ("not. x r) - °\a. = (f\)^. 



r 



No. "\ 



no r- u U- 



^Ar 



"no r- ^ U °iA 0^ rr U 



x, 



Life applications on the sine rule «_<_c%J'l 3 -LcLa ^ic 2LuLp» GLLudaj 

Jlio (^) 

jSCill jLJ :dj=>L>JLi hjjJI © 





^Jlill i^" iji^ 



°ir = (°iv + °v.) - °\a - = 



: j j^*9 




71 



jiio ^ 

wi^SjJlj J ^ijjl j^4iLxJl ColT ISLliiia jSCiJ aJI ^31 j-a £>}\j ^h)! JSCiJl ^ ■Imljo-^lh JzujJI (V) 
:jj>-jl c VV k_> ^ia^jl -Up aj j 1 jJ ( jlSj Yir <._>- ^i^Jlj f ^ij^J( 4iL»uJ(j YV1 

.1^3 Uljjjj_>- <J ^Sl jaM Ji*J ^1 J^jVl As-L^a (53 

? 




O) 



(Y) 



rn 


nv 




°vrU 


"vrUxrn . 
nr 






JO."- 


°oA / olH = (^-\ 


JO-". 


(°Vr + °oA'olll)- \A< = ( (\ 


)0--. 


nr _>. 





°vv u. °^ r \n U 



© 




oils' I SI cliiia jSCiJ aJI jjcs- ^>^> J-;^*^ jSCiJ! ^ ^) 
jj^j SiL^oJlj t ^S ^ ^jL«j ^^oJlj ^ ^j^JI jj^j 4il^«JI 

© 



ijisgti ljLu*. tiiajljll naagJI 




Jlio (^) 

.5 jJis- <-_^>- iwj ^p-M^M jlJ^>Jl £-laijl U .jjL>«Jl 



'\o = 0 £o-°V = (, 



.)0 



^r\,Ai = 





JqJJI juj Jl i>Jjl—Qj jjjjjjjE 

cJdJI £%^>\ Jl dJcu j\ ^ (\) 

*- = I jU ^A,l=-^-c°i< =(->-\)^c°l' =(f\)ij ^jfcJcu (t) 

= "\ j 3^0 -j>- s_j f Oiijl i UJ 

0 = 0^)1^0^^^ * =^^AJ(jJJlljljj5l3l>Jl_>-i^ r (| oiijl juJ^j^oJ ^* UjlaiJ jlsSpb 

= P^^xf,^ jl?4^jj^5)UMSyljJl ^las cAygj Jjl? ij> 1 A (jjLJ p j^^oliJl oils' \SI 

Ij _jL« fl>- jl jJUI j jSo _>- f cJcuJl 

v lA)_o © 



^i© ^y© ^r© ^© 

^- 0 © r r,o © r v 0 



V:r:£© 1:i:r© V : 1 : 1 © 1 : f : V CP 




© ' ^ © 



_v,r \ <f ^ 




iiailjll 0U9II 



° - . t . * ' 

:jl On Ic. I jl o 1-^ II j^ili pljVtuiLi o I diJla JS 

r u^=^<Vo=(^\Kj<°^ = (f\kJ® r \.,r=1 c 0 ri=( v \)^ t °vo = (f\)^ @ 
r r,o = - v , 0 vv=( v \)^c°n = (f\)^ ® r> Nv= L°\A=(^\)^<°\u = (f\)^ © 

r .\\,rr=>c 0 iv / \v=( v X)^ < °i^\\ = (f\)^ ® 
ru o\-\,r=>c°\\ / \v=(^-\)^c°\\o'i = ( v \)^ © 

°rr / v = (^\)^c r \\ =>c r v=1 © 
°Ao / \v = ( v \)^4^\\,-\r =^4^\o,\r = -Lj © 

i^jli Ll3 <UL>. JS o I CjIIaJI j^jjJjJ djLaJI SjjIjJI ^laS J^L j^j) 

r v=V<°°-=(v\)iJ^-- = (^\)iJ © ^-n =1«°iA=( v \)o«°vo = (f\)o ® 
r A,o = L 0 ro=(^x)^,°v. = (fx)^@ r NN=>c 0 \.r=(^X)^c°r.=(fX)^© 

datUujJ ^l£jjj| jxui jl (SUaxoJI Js Jjj-uJI ^iJI _2>. ,o ^lijl j CiLujLiS a^jl <-=». o I dtilo J£ ^ 

.0^1 ^ ■"• * pi j jl dLlA (jLS I jl La 

jH-\ri>=u<^r= L°iA = ( v \)^ ® ^u=-L> t ^-r- =1c°nr = (t\)o ® 

r -\v = - V ' r -%A= L°rr,i = (f\)^ ® 



t^iJo-jlc ol = (^-\)^j c At = (^_j\)^J t r 




:Jo-jl 



<°n = (f ^ c°AV = (f J ^\kj c°A0 = (i ^ vX)^ V ^Uj jsa i ^ v f @ 

asL^JI Jo-jU c °oV = o (X)'L? V jjilj <J^j °YT = ]\)*J ^r*i 




m 



f urn lu> ( 3 jL&ii) j^jii 

7"/?£ Cosine rule 



QSJljJI oaa.gJI 




(r)jsa (r)jsa o)jsa 

j jjls ^IjJ^U ( l\J ^jc^Ip lil (r) c (v) j^ 1 - J*© 

.^1^31 1 i^J 4Jula«Jl 4j jljM oii-* ^-W 5 

j»UUl i_u> (SjlcLS) <jjjL£ 

: J^jS-o ->- u f oil* ^1 ^ 



77?e Cosine rule 



r v- r i+ r ^ 

_ X" , 4- 



_) lis- u lis- fljs- V - ]J 

- 4JL*J — lis- "Lj f V - 



— ~ — B 

^ I O 1* "l 1 H Q 1 , I H 



cLuajLj^I .".uiu.^>»ii I 

Cosine rule ^U^Jl 1— >- Sdpli 

.Acufe ang/e oil>- Aj j 1 j 

Obtuse angle h>- j&j> 

Right angle ^uJjli <i>jij 




(r 



: jUb! (r) < (\) jsa US' dAJSj 





^\ yi\ ihS" .Up J-^i; 
(i J J J a V^V lS* V 



r (.-fui>.)+ r (v-f^^) = r (1) 
f i^v - ( fv + ^ ) r/ -- + r v = 

A^aj t \l>- 1j>- V - + = V f 

Ij J^sSM diaiij .UP j-1 jJl jj*^ U3 dJjL^ 4jb^laj 



. uicliU halt Jjla ^L%j| 

JIJUO ^} 

°ir rr,Ax ri,r x r - r (rr,A) + r (ri,r) = 



r 




tit CcLWt ^ 2Ujt j ^ Lei ^L%jI 

JQjO ^ 

-Is*. 



r QT)- r (A) + r (a) 

A x o x r 



jilo ^ 

di)i j^>j t*-»\V,o= j c^\V,o=<» t ^V,o=-J jllip ISI c j ^ J oiijl ^ ^1 j-Li Jj>-j1 (?) 

: j j£o oiijl I Jus 4j\ 

. = o + jU-T\r-jb>. 




r \r,oxv,oxr 



.0 0, o 

( 1«- \A>)b~ = \T« ls»- 



0 



-= v is*-- = 



(°V-°M')b- = \y«u „ v 

r 



= v i*- = 



l^JLu *jj ^tl 2UjlJJl ^LjSj J^mlua (^cfa 2Lc4jLl*J cdiuJl 



Solving the triangle in the terms of the lengths of two sides and measure of the angle included 



o 



j^Ssj SJUJl i JL» ^ j ti! ^f*wJl 
' (J^ ^^'ii j* <— ' ^JJi«Jl 

( v \)0'(t\)0 



© 



(j^M ^^h! 

jl s^uji ajjijii 

Uwb <l>- jj^<Jl 
Lp- ^« j^^d l —^T 



Jtiuo ^ 




°r.^oxnxr- r (o) + r (n) = r i> .-. 
r- b>-ox\\ xr- v (o)+ v (\\) V = ^ .*• 



r 



. AW-~ r (^^)- r O,or^) + r (o) = 

■\,o\<\ xoxr 
°M1,VA1 ~ (fX)'L? •'• 

[(^\)0 + (t\)^]-°NA-= 
[ ° V. + °\ii,VAl ] - °\A- = 

°\o,r\i = 
0 \ 1 1 1 v ^ i = ( f \ ) ^ 1 1 , o r ^ = i>. . • . 



Solving the triangle knowing its three side lengths i&Jl <Lc %Lt»\ Jl jlal 2u* >bw-> ^liUJ I 

jilo ^ffr 

: j j$C*3 4j^AiM cJcuJl Liljj CjL-Ls ilojl^twJjilaJl 

r O)- r (U)+ r (A) 



o 



JJUJI «JL» ^ j til ^#>«Jl 
' >*■ j- 0 




uxax r 



r (A)- r (n)+ r (u) r V r W 



nx u x r 



n 



r\ ,\ ='_>. < ^\A,i =-L> t Wet = f aJ^JJI^- v f oiiJI Jo (a) 

CjLnLijJI !jid djlifill 

i^a>JI j jjii ^\ ^»UJl k_ ~o j jjli dX5C«j Jgs c U Julia ^ aj^I MjjJl oL-Ls dijl j^sl 

1 1 Jus ^ J jls 



Geometrical applications on the cosine rule ^U-Iil lu> ( 3 JLcLd) J^jLa ^ LuuJLiA GLLulaj 

jilo ^ 

c (_o\ : -^J^ ' J t J-* 9 u U ti ti c = lo <. ^*uV = 'Lj <. = f <us oil* .o k_j f (K) 




r 




vr = r (i)- r (t) + r (°) 



r x o x r 



>k>Ux^r-V^ ( (->i)= r C*D 
°i^rv^. k»rx i x r- r (r) + r (^) = 



°vA"\r\i~(if^-\)^ .-. 

. j^j j-Lp V^"^ ^j-*- 4 -*t ' V t O^ 1 

jiio (^) 

°\\\ =(if^_j\)^c-^- v// it AjJ^Aj^u! (V) 



r 




,AoA1 ~ 



i^x^- v r 

^h^rM)+^(rA 1 n)_ = 
n ,£ x rA,n x r 



if 



r 



jilo ^ 



j* ^jSlJJI (jpl^l JiLiJl 

• "lij 5 ' 5 t/^" J 5 ^ 1 ' b& J* 
jliLUlo u'-ij'j Ji>- J lil 

iU-l^ll SjjI^JI (j-LS ^jl— ; 

SJu>-l j 5^>- o-U>-lj SJlpli 
JUj ^jIp "U-jJj OJIS' lil 




1_ = v (")- y (°')+ v 'p) = ^ 

o x <\ x v 

^ = y (u)- y (A)+ v 0) = ^ 

'u- =(u\)^+(A)^oiy 



•r 



m 




r 






/./'fe applications on the cosine rule 




j»Uail ljuu* (j^jLa 2LuLp» ijLLulaj 



Jllo 



J-J'O 



°v^rxixv- r (r) + r (0 = 

\r = 

.11) _^Jij V , "\ i^jL^j (il__ i> ^j>Jl aSCs— Jlj jL>Jl jj^j 4iL^a3l jl ^1 



OSJljII 0U9II 



Jllo 0 







jiL. n \ 

















^loJl ^_*P^ l^la V« A*j ^^ip Jai- ^_»P^ jlT ^Jjj)l Sjf' CjUjLa ^Jv^j. ^ :dbbjJL JzujJI (w) 

°i> b^r- x uxv- r (v.) + v (n) = 

\r,AV~ 

U t Jjlfljl jSd!U US' c I jbjL^Jl C^jia^l 

Measuring the distance indirectly d^lUo >t£ <&j^M (UUmJI «>lLfi 

ur tl^la 1A AsL^a ,jPj cl^Os 
.( j^JjJLp j-^a-Sj i—J^S^J KijIa) u) I 4iL*uJl Jc>-jli c 01 = 

1^- = f asLuJI _j>- I olid! 




i> rr 





°ot \^ rrxiAx r- r (rr) + r (iA) = 
\or«,A^ir~ 

AsLuJl ^LS Oiljl yxbljJJI CjL^IimO CjLIiii^ (U 

j-a j^iil>va j-X£>- jUflJ jljJJl ciwJ ^iafljl ^31^ t dlaiiJl 
^ C^-lij <. l^la V 0 , 0 4iL^a i_j ^W'a'.U ^Pj c l^la V OA 




ouilll gujiJI Q-Jjl — qj tjjjfe 

C ^ U <>r _i_ V , „ V . 

=0"^' J^ = 1> 

..jja eLljj 0^ 'Ol j.".«i.yl.Jl \ o <. W «. W ap^j! Jl jlsl oils (5) 

... (J -1 ^ 9 * 'a-* 4 ^ 5 Y ' 0 ' ap^A^I Jl jlf 1 cJcu (53 

jU° V = (->-\)iJ ' =ui*-\- = f aJ^>- t oii«© 

= r 'J - v j • v » j>C j C J ^JcU3\ J * 



>•(*) 



5<o 



°v(r) °\y.(y) °\o. (>) 

: \j jL^a f jljJlJl j jSo j * J Oils ^1 ^9 (Vj 

: (^jLj f b>- jU Y : Y: Y =1^-: v : ' ' -»■ V ' <J © 













1 1 


r y\ \* 












































t 










^ © 












c~* / 

/ r" w 










1 





ciiLjt uu toailjll naagJI 



°V =(u\)^jcJls<A = l> ( V = V c0=1 I 

. diiJI ^ ^_jlj >^ J^-jts 4 n =1>- C \v='L) c\- = f© 

.cJdJI ^ 2o j\j jS\ ^-li Jo-jU c V ='s>- 4 1 =1_J c<5 = f -9 

.^jts- ^J>j v yS? Zjla ^ j^jU t °vr = (f c ^-,\ i = l>- c*-.\n = "L> © 

• = A + ^>- U- ~r\o -_>-k>. j&A*M ji>j 
o*^- tJulioJ! ^jjO j-^I j-"^ "^J^* = " ^■* u ^ = 0 - ^4 ^ A = f - ^4^j u f 

.olid! \Xa ^jS ^ ' £^Wsl Jl jlsl 

jl CJI 4 ^—A = _£ U 4 ^-/0 = _4j <. = _>■ LJ 4 ^ulA = _?-f 4 = U f 4^3 ^^^J J^-* _£ U f 

.i^^l^Lj! J5Ci3!^^A^L^A>-ji^4 ^ift^^V^-t JjlsJ^jl 4° n x ov =(i_>-f\)o 

."ZTfjjla j^-ji °ir / \A = ( V if 4°vrto = (^ v f 



<wi*ao i f jl^ IMj i t-J J jlf Jo-jl t °A< = (f \)nJ c^Vl=_>-ft^-'\l = i^ r (f<U9 Julians- u f 

.S^JLp f-_^>- iwj^J^J i_j ^3 c IjIj \ j ^b-J 

^\ dJlkj cJcu J^J 0 ^l-xi^— 1 Cj^UJI j-j jjla :cjLudLijJI (jxa cblifill (^y 





3 jl^^JI ^^aifcU 
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